und -Qualitat

Universitat Karlsruhe (TH) SE
Forschungsuniversitat gegrindet 1825 @t

Praktikum Ingenieurmafige
Software-Entwicklung

Palladio Component Model (PCM)

Prof. Dr. R. H. Reussner (reussner@ipd.uka.de)

Lehrstuhl Software-Entwurf und —Qualitat

Institut fir Programmstrukturen und Datenorganisation (IPD)
Fakultat fur Informatik, Universitat Karlsruhe (TH)




Outline SD

Software Design
and Quality

1. Introduction
a. Roles, Process Model, Example
b. Solver (Simulation, Analytical Model)

2.Component Developer
a. Repository

b. Component, Interface, Data Types
c. SEFF } Lecture 2

3. Stochastical Expressions

a. Constants, PMF, PDF, Parameter
Characterisation

b. Parametric Dependencies

- Lecture 1

— Lecture 3
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o Outline sSﬂwD.,g
and Quality

4. Software Architect

a) System (Composed Structure)
b) QoS Annotations on System Interfaces

5.System Deployer
a) Resource Types, Resource Environment
b) Allocation _

6. Domain Expert
a. Usage Model
b. Parameter Characterisations

/.Solver, Result Interpretation
8. Comprehensive Case Study
9. Outlook
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Software Design
and Quality

1. Introduction
a. Roles, Process Model, Example

b. Solver (Simulation, Analytical Model) _ Lecture 1
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o Palladio Component Model Sﬂw

and Quality
2

= Developed at Uni Oldenburg,
Uni Karlsruhe since 2003

« Domain-specific
Modelling Language

= Targeted at

- Performance Prediction
for Component-based Software Architectures

— Business Information Systems
= Extensive Metamodel in EMF/Ecore
= Named after famous Renaissance Architect
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Tpural

CBSE Development Process SDE,
Software Design
and Quality
Business
Hequirimfmis
. LUse Case
— | Requirements Models
Business Concept I Existing Assets
Mode| Technical Constraints ——— Components l
v l Y v Y v
bseCise wl  Specification  [¢= QoS-Analysis |« Provisioning |+ Assembly
QoS -
L He;ultE J T Component Spacs & T T I lﬁ.pplmatlms
Architecture Y
> Test
Legend Tested
I:I Workflow i Applications
== (Change of Activity Do
—»  Flow of Artifact —— Dagrams. ~|  Deployment

[Cheeseman2000, Koziolek2006a]
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Developer Roles SDE

Software Design
and Quality

1.° q.
assigned has

! 1.*
Person Role | cs—s Task
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Component| Software System Domain

Developers | Architect Deployer Expert
> i
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[Becker2007a]
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Stochastic Analysis o |
Regular Expr. = .-I||!l||_lq |
Palladi —
Comp.Dev,| Ca adio ¢ SPA with Analysis + o |
DSL Instance S omponen Scheduling Simulation = _..|I..|I_|! ]
o Model
Soft. Arch. Pa
DSL Instance Lof . . : jeen
Queuemg Simulation > |
X Network : .-I||!l||._l-. i

Sys. Depl.

DSL Instance & Instance

&
N
Q’O

—

Performance Execution + > |
Prototype Measuremen = -llllllll_lg |

Dom. Exp.
DSL Instance

Java Code Completion +

Skeletons Compilation L

[Becker2007a]
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Repository SDE

Software Design
and Quality
<<Requires > > ¢ <Providesss
=] 4 3 OIntmfacel le rowdes =B
int servicell()
wold service2()
@ C oIntmfaceE
D string service3()
Component
Developer
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" pere 109

Service Effect Specification SDE

Software Design
and Quality
< <InternalAction > >
< <ExternalCallAction > + innerMethod
Q"‘ requiredSenvicel ResourceDemand
| LB1000 <CPU_AppServers
<<Branchfction >
ﬂbranch
— _o_ﬁ?nnd: number.VALUE >= 0 ; ﬁ-&md: numberVALUE <0
<<loophction >
SJ loop
9 EIIE}-’HUMBER OF ELEMENTS < <bExternalCall&ction s =
n}"'requiredﬂewicﬂ
. <<ExternalCallAction >
é"’requiredﬂewice?
@ Component
Developer
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System SDE

Software Design
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< <system = »
L _ IRegBl
T & ],
e
1A L — — IE e L __
[ReqBE2
Qﬁ AR
V——JEM_EF*
— | |
w,. _I-I_IE IB -
Software
Architect
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Resource Environment
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LT L

IRegBl

O—— oL

'L _E‘]B—ﬁrc—-—-*—C

Bl IE ~ \IF::qBE
s
- ~
< __.[ < < AllocationContext> :r[la} H
P —
- rg \\
» 4
< <ResourceContainer> > < <ResourceContainer> >
Serverl Server2
< <Processing < <Processing
RFsuuTce < <Passive Resource
Specification> > Resource Specification= =
C_F'U Specification> = CPU
processingRate = DatabaseConnect processing Rate =
3*10*9 cycles/s 7 2.2°10%% cycles/s
capacrty = 3( ; < < Passive
< =Processing / Resource
Resource < <LinkingResource> > Specification= =
Specification> = processingRate = 100 Mbit/s ThreadPool
Hard Disk
processingRate = capacity = 8
155 MEB/s

System
Deployer
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Usage Model

Software Design
and Quality
<<ClosedWorkload =
@Pupulatiun: 15
| &) Think Time: 23
<<component_external > >
@+ IHTTP.UploadFiles
ParameterlJsage
b files
VariableCharacterisation
b NUMBER_OF_ELEMENTS = IntPMF{unit="no_files")[ (8; 0.1) {9; 0.1) (10; 0.2) (11; 0.4) (12; 0.2) ]
Domain
Expert
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Model Solver

Software Design
and Quality

& SimuBench - - Edlipse SDK

File Edit Mavigate Search Project SimuBench PCMBench Run  Window Help

OS5~ i@~ 5o AL A £ |8 SimuBench >

eriments View eport Editor
[5] Experi View 52 = B |[ [ Repert Editor 52 =B
GlBElB e Histogram
{4 DB NAME
(g Simucom Experiment 0.00250
(g Simucom Experiment '
(g Simucom Experiment ioores
% Experiment Runs
@, ARun[ID:5] 0.00200
(% Sensors
@ Response Time of ConcurScenario [1D:8] 000175
@ Response Time of Usage_aMethod [ID:7] =
(A Simucom Experiment D el
[ Simucom Experiment §
[ Simucom Experiment & oo
(g Simucom Experiment 000100
(g Simucom Experiment
(g Simucom Experiment 0,00075
(g Simucom Experiment
(g Simucom Experiment 0,00050
[ Simucom Experiment
[ Simucom Experiment 0.00025
[ Simucom Experiment
(i Test 0,00000 -
& 0 250 500 750 1.000 1.250 1.500 1.750 2.000 2250 2.500 2750
(5 Test Time [s]
B Response Time of ConcurScenario i Response Time of ConcurScenario
= Properties £1 . [£1 Problems} ¥ =0
Sensors Context Experiment Datetime Sensors %
Configuration % ExperimentRu.. ARun Response Time of ConcurScenari.., %
.Update Chart |
“ T ¢ :
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and Quality
2

o Model Solver Sﬂw

PCMSolver SimuBench

= Only Single User = Single + Multiple User
= Fast (~2-5 seconds) Slow (~30-600 sec.)
= Analytical Method, Process-based

High Precision Simulation

= Stochastic Process = Queueing Network
Algebra based based (G/G/n)

= Traverses the = Traverses the
architecture once architecture repeatedly

= Directly convolutes  Draws samples from
specified probability probability functions,
functions adds them up

Palladio Component Model 17.08.2007 16



and Quality

o Example SﬂwD

» Blog-System ©
= Switch to Eclipse!

Palladio Component Model 17.08.2007 17



Outline SDC

Software Design
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__ Lecture 1
2.Component Developer

a. Repository
b. Component, Interface, Data Types _
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o Tasks

» Specifies Component & Interfaces

« Specifies Data Types

= Builds Composite Components

» Creates Service Effect Specifications

« Stores Modelling & Implementation
Artefacts in Repositories

« Implements Components
» Tests Components Component
Maintains Components Developer

Palladio Component Model 17.08.2007 19




Example Repository

Software Design

and Quality
2

<<Requires >

< <Provides = »

o IUserfction
|:| Object gethdyIterns()

F:l MyCompleteComponent

= . SR © ICollection
MyBasicCompanent void add(Object itemToAdd) MyTestRepository
¥ SEFr <getMyltems > void remove(Object itemToRemove)
int size()
void clear)
void iterator()

F:l MyProvidesComponent

o Mterator

bool hasMext()
Object next()
void remove()

< <Provides » =

2] ArrayList

¥ SEFF <add>
ﬂSEFF <remaove »

¥ SEFF <size>

¥ SEFF <clear>

H SEFF <iterator:

¥ SEFF <compareTos>

< <Provides»»

OICumparabIe

|:| int compareTo(Object o)

Palladio Component Model
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Example Repository

Software Design
and Quality

Ll iserepository £7 =g
[ Resource Set

4 [ platform:/resource/1SE2007/ise.repositary -
a 3 I5E2007 <Repository> [ID: _oy3rAACIEdy QbtXWEdEDGA]
4 =] MyBasicComponent <BasicCompeonent> [ID: _Mg-30ACKEdyRt5tCnT) Gaow]
#{ Provided_[UserAction_MyBasicComponent <ProvidedRole> [ID: _Yw0cUACLEdyRt5tCnT)Giow]
H Required_ICollection_MyBasicComponent <RequiredRole> [ID: _gpCyQACKEdyRt5tCnTIGxw]
. t]. Resource Demanding SEFF _Yw(cUQCLEdyRt5tCnT)Gxw < RescurceDemandingSEFF= [ID: _YwcUQCLEdyREStCnT)Gaow]
=] MyCompleteComponent <CompleteComponentType> [ID: _PO40gACKEdyRIStCnT)Gow]
£] MyProvidesCompenent <ProvidesComponentType> [ID: _UcEFEACKEdyRtStCnT)Giow]
v =l Arraylist <BasicComponent> [ID: _aGBIAACKEdyREStCnTIGww]
4 o ICollection <Interface> [ID: _rcSBQACIEdyQbtXWodENBA]
3 D Signature add <Signature»
- D Signature remove <Signature>
D Signature size < Signature>
D Signature clear <Signature>
D Signature iterator <Signature>
a @) IComparable <Interface> [ID: _jgeSYACKEdyRtStCnT)Gow]
: D Signature compareTo <Signature>
4 o Mterator <Interface> [ID: _B_xtcACLEdyREStCnT)Gaow]
D Signature hasMext «Signature»
D Signature next <Signature>
D Signature remove <Signature= —
4 o IUserAction <Interface> [ID: _TIglBACLEdyRt5tCnTIGxw]
D Signature getMyltems < Signature>
i} Object «CompositeDataType> [ID: _00njlgCIEdyQbtXWEdEIGA] -
Selection | Parent | List| Tree | Table | Tree with Columns

1

Problems | Javadoc | Declaration | Console| Error Log | Progress | 2 Properties 23 }:& ¥ =08
Property Value

Returntype Signature & INT < PrimitiveDataType>

Service Mame = size

Palladio Component Model 17.08.2007 21



Interfaces S

Software Design
and Quality

Quality of Service Enhanced Interface

Protocol Enhanced Interface

Signature List Based Interface

[Beugnard1999]
Palladio Component Model 17.08.2007 22




and Quality

o PCM Interfaces SDE

* QoS (=Performance, Reliability)
- Service Effect Specification (Lecture 2)

» Protocol (=Valid Call Sequences)
- Finite State Machine (Not shown here)
= Signhature

— Corba IDL: © ICollection

e Return Type vold add(Dbject itemToldd)
e Name vold remove(Object itemToRemowe)

_ int sizel)
e Parameter List void clear()
e Exception List void iterator()

Palladio Component Model 17.08.2007 23



PCM Component Types

Software Design
and Quality

5 |

<<ProvidesType>>

<<conforms=>>

5 |

<<CompleteType>>

_C

-

7

<<impl-conforms=>

-

-

~

.

il

O— <<BasicComponent>>

4(

SN
~

S

<<impl-conforms>>

S

-

.

<<CompositeComponent>>

SO+

3 |

~0H

2] {/;74(
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o Provided Component Type 2D&

and Quality
2

= Only Provided Interfaces mandatory

= May contain required services,
not mandatory

= Specified during early development,
refined later

« Situation: certain functionality needed,
but additionally required services unknown

= QoS Annotations

= | MyProvidesComponent

Palladio Component Model 17.08.2007 25



) complete component Type SDG

and Quality
2

« Provided and Required Interfaces
mandatory

= Dependencies between Provided and
Required Interfaces not fixed

= Situation: Needed functionallity known,
component environment also fixed

= | MyCompleteComponent

Palladio Component Model 17.08.2007 26



and Quality

o Basic Component SDe“‘

» Provided/Required Interfaces mandatory
= One option to implement a Complete Type

» Service Effect Specification for
Dependencies between Provided and
Required Interfaces

= May be composed to Composed
Components

E MyBasicComponent |
¥ SEFF <gethlyltems >

Palladio Component Model 17.08.2007 27
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o Composite Component SMD

and Quality

» During development composed from any
component types

= Finally composed from Basic Components
and/or other Composite Components

= Likely not used in the experiment, but may
OCCUr In exercises

Palladio Component Model 17.08.2007 28



and Quality

o Data Types SﬂwD

 Primitive Datatype
— INT, CHAR, BOOL, DOUBLE, LONG, ...

= Collection Datatype

— Contains an inner primitive datatype
- ARRAY, SET, LIST, TREE, HASHMAP, ...

= Composite Datatype (Struct)

— Contains inner primitive
and/or collection and/or composite datatypes

- ADDRESS, CUSTOMER, PERSON, ...

Palladio Component Model 17.08.2007 29
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o Hands on Example 2DEC

= Switch to PCMBench
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Outline SDC

Software Design
and Quality

__ Lecture 1
2.Component Developer

a. Repository
b. Component, Interface, Data Types _
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o Lessons Learned Today D&

and Quality

Person — Role — Task

Component Developer, Software Architect,
System Deployer, Domain Expert

PCMSolver vs. SimuBench

PCM Repository (Component Developer)

— Components
(Provided, Complete, Basic, Composite)

— Interfaces
(Signature, Protocol, SEFF)

- Data Types
(Primitive, Collection, Composite)
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